2,4,6-Tribromobenzene-1,3,5-tricarboxaldehyde (4) can be efficiently prepared in two reaction steps from 1,3,5-tribromobenzene. The intermediate 1,3,5-tribromo-2,4,6-tris(dichloromethyl)benzene (3) crystallizes from petroleum ether in its C 3h structure. However, in CDCl 3 solution it exists at room temperature in two isomeric forms: 3a (C 3h ) and 3b (C s ) (1 : 1.15). The intramolecular Br···Cl distances are much smaller than the sum of the van der Waals radii. Therefore, the exocyclic C-C bonds show a hindered rotation.
Introduction
Benzene derivatives 1 with three functional groups A 1 in 1,3,5-position and three other functional groups A 2 in 2,4,6-position are very valuable starting compounds for orthogonal synthetic strategies. A great variety of hexasubstituted benzene derivatives can be prepared on the basis of compounds 1 with different functionalities.
Rubin's aldehyde [1, 2] , namely 2,4,6-tribromobenzene-1,3,5-tricarboxaldehyde (2,4,6-tribromotrimesinaldehyde, A 1 = CHO, A 2 = Br) served for example as a precursor of hexaethynylbenzenes and other [6] star compounds [1 -3] , polycyclic aromatics [2] , fullerene C 60 [3] , graphyne [3] , and polycentric metal complexes [4] . We are interested in Rubin's aldehyde as a precursor of conjugated star-shaped or dendritic oligomers [5, 6] .
Results and Discussion
Rubin's aldehyde (4) is usually obtained from mesitylene in five reaction steps [1, 2] . Scheme 1 re-0932-0776 / 11 / 0900-0935 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Preparation of Rubin's aldehyde (4) . veals that we succeeded to prepare 4 in two steps from commercially available 1,3,5-tribromobenzene (2). The Friedel-Crafts alkylation of 2 with chloroform yielded 1,3,5-tribromo-2,4,6-tris(dichloromethyl)benzene (3) in a yield of 55 %. Subsequent hydrolysis of 3 with conc. H 2 SO 4 in the presence of FeSO 4 afforded the trialdehyde 4 in 72 % yield (Scheme 1). Table 1 contains the 1 H and 13 C NMR data of 3 and 4. In contrast to 4, compound 3 consists in CDCl 3 solution at room temperature of two isomers, namely 3a, showing C 3h symmetry, and the less symmetrical rotamer 3b (C s ). Obviously, the rotation of the dichloromethyl groups is hindered by the neighboring Br substituents. The statistical ratio 3a : 3b amounts to 1 : 3, the measured ratio (CDCl 3 , T = −15 • C) is 1 : 1.15. Semiempirical calculations (PC Model V 7.00, MestRe-C2.3) gave a small enthalpy difference of 0.3 kcal mol −1 in favor of 3a. The statistical entropy term R ln3 reverts the rotamer distribution. Fig. 1 shows the 1 H NMR spectra of 3a, b at 365 K (85 • C) and 260 K (−13 • C) in C 2 D 2 Cl 4 and the corresponding coalescence phenomenon in the temperaturedependent measurements. Three signals of 3b with the frequencies ν 1 , ν 3 and ν 4 and one signal of 3a with the frequency ν 2 are involved in the coalescence. Therefore the free activation energy ∆G = for the exchange process can be estimated according to Eq. 1:
At the coalescence temperature T c = 340 ± 5 K, the free activation energy ∆G = amounts to 16.7 ± 0.3 kcal mol −1 [7] . This result agrees very well with the barrier of 16.3 ± 0.4 kcal mol −1 which was obtained for 1,3,5-trichloro-2,4,6-tris(dichloromethyl)- Fig. 2 . Part of the crystal structure of 3a which contains three slightly different molecules in the asymmetric unit. benzene [8] . Trialdehyde 4 has a much lower barrier for the rotation of the formyl groups. Thus, it gives at room temperature only one set of 1 H and 13 C signals, each.
Crystallization of 3 from a solution in petroleum ether (b. p. 40 -70 • C) yielded selectively the more symmetric form 3a (Fig. 2) . The asymmetric unit contains three slightly different molecules 3a (A, B, C). The most interesting geometrical parameters concern the distances between the Br atoms and the neighboring Cl atoms of the prochiral CHCl 2 groups. The deviation of the Br atoms from the plane of the benzene ring is very small ( Table 2 ). The geminal Cl atoms are below and above the benzene ring plane in an equivalent distance.
The sum of the van der Waals radii of Br and Cl amounts to 1.80 + 1.95 = 3.75Å. Table 2 reveals that the distances Br···Cl in 3a are generally much smaller. The rotation around the exocyclic C-C single bonds is considerably hindered, since its transition state has an even shorter Br···Cl distance.
Experimental Section
1 H and 13 C NMR spectra were recorded on a Bruker AM 400 spectrometer. Field-desorption MS measurements were performed with a Finnigan MAT 95 spectrometer. A Perkin Elmer Spectrum 6X was used for recording the IR spectra. Elemental analyses were performed in the microanalytical laboratory of the Chemistry Department of the University of Mainz.
1,3,5-Tribromo-2,4,6-tris(dichloromethyl)benzene (3a)
1,3,5-Tribromobenzene (2) (1.00 g, 3.18 mmol), AlCl 3 (0.50 g, 3.75 mmol) and 10 mL of dry CHCl 3 were Table 3 . Details of the X-ray crystal structure analysis of 3a. 2.56 / −1.22 
Crystal structure analysis
Some details of the crystal structure analysis of 3a are summarized in Table 3 . The intensity data were collected on a Bruker APEX II diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073Å) using ω and ϕ scans (0.5 • scan width). Reflections were corrected for background, absorption, Lorentz and polarization effects. The structure was solved by Direct Methods (SIR92 [9] ) and refined using SHELXL-97 [10] .
CCDC 815312 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
